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Coastal wetland landscapes, such as salt marshes and mangroves, form and evolve by dynamic 
feedbacks between vegetation establishment, flow hydrodynamics, and landform changes. The 
vegetation-flow feedbacks make coastal vegetations very useful for coastal defense against sea 
level rise, storms, and erosion. In a large-scale flow and wave basin, the interactions are 
quantified between dynamic vegetation patches, that grow in size, and the flow hydrodynamics 
within, around, and between the patches. The experiments reveal that flow velocities are not 
only reduced within the vegetation, but at the same time accelerate next to and between the 
vegetation patches. The amount of flow acceleration increases with increasing patch size and 
decreasing patch inter-distance, and depends on the plant stiffness, density, and height. These 
new insights will be included in bio-geomorphic models for coastal wetland evolution. 

 
1. INTRODUCTION 

Plants growing in coastal wetlands, such as tidal marshes and mangroves, modify tidal currents, waves 
and erosion-sedimentation patterns (e.g., Bouma et al. 2005; 2007; Neumeier & Amos 2006; 
Temmerman et al. 2005), while the other way around, the modified currents, waves and erosion 
determine the establishment or die-back of plants (e.g., Houwing 2000; Van Wesenbeeck et al. 2008). 
Such bio-physical feedbacks are of major importance to understand and predict the evolution of 
coastal wetland landscapes (Temmerman et al. 2007; Kirwan & Murray 2007; D’Alpaos et al. 2007). 

The bio-physical interactions make that coastal vegetation can be used for cost-effective, 
sustainable coastal defense: the vegetation attenuates waves and erosion (e.g., Bouma et al. 2005; 
Moller et al. 1999) and attenuate tidal currents thereby promoting sediment accretion so that coastal 
wetlands can keep up with sea level rise (e.g., Temmerman et al. 2004). The latter is important 
regarding ongoing climate change, which leads to accelerated sea level rise, increasing storm intensity, 
and thus increased risk for flooding and erosion of low-lying coastal areas. Hence there is major 
interest in process knowledge on the vegetation-flow interactions in coastal wetlands. 

Here we focus on three dominant plant species that colonize initially bare tidal flats in NW 
Europe: Spartina anglica, Salicornia europea, and Puccinnellia maritima. Colonization by these plant 
species typically takes place by random establishment of vegetation patches (Callaway and Josselyn, 
1992; Sanchez et al., 2001). These patches grow in size and grow closer to each other, potentially 
merging into bigger vegetation fields. Previous studies indicate that during this colonization process, 
so-called scale-dependent feedbacks occur between the vegetation patches and the flow 
hydrodynamics (Bouma et al. 2007; Temmerman et al. 2007; Van Wesenbeeck et al. 2008): at a small 
scale, within the vegetation patches, flow velocities and erosion are reduced, resulting in improved 
plant growth conditions (positive feedback); but at a larger scale, the water is partly forced to flow 
around the vegetation patches, leading there to increased flow velocities, to erosion, and to worsening 
of plant growth conditions just next to the vegetation patch (negative feedback). Although these scale-
dependent feedbacks have been demonstrated for static vegetation patches, it is not known yet how 
dynamic vegetation patches, that grow in size, affect the strength of the scale-dependent feedbacks.  
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Here we present the results of experiments, in which real-size patches of coastal wetland 
vegetation were placed in a large-scale flow and wave basin. The aim of this study was to quantify 
how the amount of flow acceleration next to and between vegetation patches depends on (1) increasing 
patch size, (2) decreasing inter-patch distance, and (3) plant species characteristics. 
 
2. METHODS 

The experimental facility was developed at Deltares (Delft, the Netherlands) within the so-called Vinje 
basin. The facility consisted of a wave basin of 16 meters wide, 26 meters long, and 0.5 meters deep, 
which was adapted so that also a uniform, uni-directional flow could be generated (Fig. 1a). For all 
experiments, water depth in the experimental basin was 0.3 m and incoming flow velocities varied 
between 0.1, 0.2, and 0.3 m s-1, which is the velocity range that represents field conditions on tidal 
flats (Bouma et al., 2005). The floor of the experimental basin was flat. 

Three different plant species were studied: Spartina anglica (a stiff, tall, dense grass species), 
Salicornia europea (a stiff, short, less dense species) and Puccenallia maritime (a flexible, short, dense 
species). The vegetations were grown in boxes with a surface area of 1 by 1 m and a depth of 0.25 m. 
The boxes were first filled to the top with sediment (silty sand). The plants were subsequently grown 
from seeds under outside climate conditions that are comparable to the field. Just before the start of 
each experiment, the plant boxes were moved to the flow basin and sunken into the floor of the basin, 
by partial removal of the floor in the center of the basin. In this way the top of the sediment surface in 
the plant boxes was always at the same level as the surrounding floor (Fig. 1c and 1d). By moving and 
combining more or less plant boxes, vegetation patches with different sizes, different inter-distances, 
and different species were formed. 

In all experiments two vegetation patches were placed next to each other along a cross-section 
perpendicular to the flow direction (e.g. Fig. 1c). Different series of experiments were carried out to 
quantify the effects of (1) patch size, (2) patch inter-distance, (3) plant species, (4) incoming flow 
velocity, and (5) wave conditions. As an example, we present results of one series of experiments in 
which we simulated the lateral growth of Spartina patches as it occurs in the field, by a combination of 
increasing patch diameter and at the same time decreasing patch inter-distance (Figure 3a). 

For each experimental run, flow velocities were measured (with electromagnetic flow meters) 
along a cross-section next to, within, and between the patches (Fig. 2). On all locations, flow velocity 
was measured 0.12 m above the bottom surface, which was found to be representative for the depth-
averaged flow velocity. The flow velocities presented in the results section are time-averaged data (ca. 
20 min), with the error bars indicating the standard deviations on the mean. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Schematic overview of the flow and wave basin. (a) Overall top view. 

(c) Detailed top view of the plants section. (d) cross-section through the plants section. 

1a 1c 
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3.  RESULTS 

For the smallest patch size (1 m diameter) with largest patch inter-distance (2.3m) (Fig. 2a), there is a 
strong reduction of flow velocity (to 40 %) within the vegetation patch (Fig. 2d). Next to and in 
between the patches, there is also a small decrease in flow velocity close to the vegetation edges (at 
0.15 m), but an increase up to 115 % further away from the edges. The increase remains constant over 
the rest of the cross-section. The flow patterns next to and in between the patches are the same, 
demonstrating that the two patches are still far away from each other and do not have an interactive 
effect yet on the flow between the patches. 

After the patch size had grown to 2 m, and the inter-patch distance decreased accordingly to 1.3 m 
(Fig. 2a), the flow is increasingly accelerated next to and between the patches (up to 157 %) (Fig. 2d). 
This increase in flow velocity is larger than for the previous configuration with smaller patches. Next 
to the patches, close to the vegetation edge, there is first a reduction in flow velocity (less than 50% at 
0.3 m), while further away from the vegetation edge the flow velocity increases to a maximum value 
of 157 % at 0.9 m. In between the patches, however, there is no reduction in flow velocity at 0.3 m 
close to the vegetation edge. Instead the flow velocity is directly increased to a maximum value of 156 
% that is comparable with the maximum velocity next to the patch. Hence the flow patterns next to 
and in between the patches are not similar anymore, demonstrating that the two patches have come so 
close now that an interactive effect occurs resulting in strong flow acceleration in between the patches. 

For the configuration with the largest patch size (3 m) and smallest inter-patch distance (0.3m) 
(Fig. 2a), the maximum flow velocity next to the patches has still more increased to 179 % (Fig. 2d). 
Importantly, the increase in flow velocity in between the patches (up to 133 x %) is much lower now 
than the maximum flow velocity next to the patch (179 %).  

When comparing the three experiments, next to the patches the maximum flow velocity increases 
with increasing patch size and decreasing inter-distance. In between the patches the same relationship 
is found when the patches grow from 1 to 2 m diameter, but when the patches further grow bigger and 
closer to each other, the flow velocity between the patches again decreases. The latter demonstrates 
that the two patches interact now in such a way that they start to act as one obstacle where the water is 
forced to flow around. 

 
 
Figure 2. (A) Top view of Spartina vegetation patches that were used to simulate the growth of 

two patches with increasing size (from 1 to 3 m diameter) and at the same time decreasing 
inter-distance (from 2.3 to 0.3 m). (B) Flow velocities measured next to, within, and in 

between the vegetation patches. Incoming flow velocity was 0.3 m/s. 
 
 
 



Proceedings of the HYDRALAB III Joint User Meeting, Hannover, February 2010 
 

 

 

 4.  CONCLUSIONS  

The importance of bio-physical feedbacks between vegetation, flow and landform changes is 
increasingly recognized for coastal wetland landscapes. While most studies so far are based on models 
in which vegetation is considered to reduce flow velocities and reduce erosion (e.g. Kirwan & Murray 
2007; D'Alpaos et al., 2007), we showed by empirical evidence that in the case of dynamic patchy 
vegetation more complex interactions occur. Our experiments demonstrated that flow reduction is only 
a local effect within and close to vegetation patches, while lateral growth of the patches causes 
increasing flow acceleration next to and between the patches. In the field, this increasing flow 
acceleration may initiate at a certain moment the erosion of channels and limit the further lateral 
growth of the vegetation. As the patch size in our experiments became larger and the inter-distance 
smaller, the patches started to interact and ultimately, when patch size and inter-distance passed a 
critical threshold, the flow acceleration in between the patches again decreased. This implies that, once 
this critical threshold is passed, the patch growth is not further limited by the flow acceleration and 
patches may merge together. Our study provides empirical evidence that such scale-dependent bio-
physical feedbacks should be included in models of the formation and evolution of coastal wetland 
landscapes. 
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